sYNoPsIs Factor VIII activity and factor VIII related-or Willebrand-antigen were studied in 49 known carriers of haemophilia A and 31 normal women, and the data were analysed by four statistical approaches. Sixteen per cent of normals and 18% of carriers were misclassified, overlapping with the other group.
Haemophilia A is X-chromosome linked and is characterized by decreased plasma factor VIII (antihaemophilic factor A) levels as measured by specific clotting assays. The detection of carriers of haemophilia A remains a difficult and still controversial problem. Previous attempts at defining them have depended upon the measurement of factor VIII clotting activity (Soulier and Josso, 1966) . It has been shown that, as a group, carriers have a lower mean factor VIII activity than normal women; however, only 40-50 % of carriers have low factor VIII values; there exists a large overlap between normals and carriers which may be related to the technical inadequacies of factor VIII determination and random inactivation of one of the twoX chromosomes (Lyon, 1961; Russell, 1964) . Furthermore, factor VIII varies widely in normal women (Ingram, 1965) as well as in carriers. As a result, this method alone is unsatisfactory since it allowed the detection of only 30-40 % of carriers. philia A patients tested. This protein is called 'factor VIII-related antigen' or 'Willebrand antigen' since it is present in normal individuals and haemophilia A patients and absent in patients with von Willebrand's disease. Using a quantitative immunological assay, Zimmerman et al (1971b) have shown that the ratio between factor VIII activity and Willebrand antigen was significantly lower in the cryoprecipitate of known carriers than of normal women. This ratio allowed Zimmerman et al (1971b) to identify with 99% certainty 92% of obligatory carriers. These data have been confirmed and extended to a larger series of heterozygotes by Bennett and Ratnoff (1973) .
Factor VIII activity and Willebrand antigen were studied in 49 known carriers of haemophilia A and 31 normal women. Although in agreement with previous reports when the mean results of the two populations are considered, many problems concerning the discrimination of carriers from normal women remain. Therefore our data have been submitted to four different statistical approaches. An evaluation of their validity both in defining each population and in detecting the carrier state on an individual basis was attempted.
Materials and Methods
The Laurell (1966) quantitative immunoelectrophoretic technique using the previously described antiserum. Instead of measuring the antigen on cryoprecipitate (Zimmerman et al, 1971b) , our modification was to use plain plasma at different dilutions (1/2, 1/4, 1/8, and 1/16) deposited in a single well (diameter 3 mm) (Meyer et al, 1974 691 Fisher (1936) . The distribution of the mean ratio of factor VIII activity to Willebrand antigen and of the weighted mean of difference between the two entities were performed as described by Snedecor and Cochran (1967) using the rule of optimized decision of Bayes, described by Peterson (1965) . Tolerance ellipses were calculated according to Seal (1968) . The discriminant analysis was performed using a computer for treatment of the data. The distance (A2) of each individual point was calculated to the centrum of both ellipses, and each normal or carrier tested was affected to the group corresponding to the smallest distance, as measured with the equation of the ellipses. The confidence probability for each individual point to belong to one or the other group was estimated with the chi square table (Cramer, 1967) Moderate (7) 65-85 8-43 10000 ± 11-78 0-67 0-11 42-26 + 14-11
With antibody (7) 66-78 ± 542 109-67 9-42 0 64 + 0-08 49-17 ± 15-60 5, 6, 7, 12, 13, 19, 24, 28, 33, 38, 43, 46 , and 49).
2. Distribution of the Ratio ofFactor VIII Activity to WillebrandAntigen Figure 1 shows the distribution of this specific ratio, with the determination of the optimized limit of 1, 3, 4, 7, 8, 10, 11, 12, [14] [15] [16] [17] [18] [19] [20] 28, 12, 13, 19, 24, 38, 43 ,and49 C 66N = cases 2-5, 6, 9, 13, and 21 25 C = cases 2-4, 9-11, 16-18, 20-22,25,26, 29,30, 32, 34-36, 40-42,44, and 45 D 11 C = casesl,8,14,15,23,27,31,37,39,47,and48 2, 5, 9, 16, 20, and 31) and 9 out of 49 carriers (18-3 % = cases, 5, 7, 12, 13, 15, 24, 28, 33, and 46) (cases 7, 13, 28, 33 and 46) are misclassified by all (4) statistical approaches.
to the four statistical approaches are listed in fig 3; 16% of normals and 18 % of carriers are misclassified by at least three statistical methods.
Discussion
The measurement of factor VIII activity alone is a poor way of identifying carriers of haemophilia, except in 30-40% of them with factor VIII below 50 % on three different occasions (Soulier and Josso, 1966) . No judgment can be made concerning the carrier state in a woman whose level of factor VIII is above 50%. It has been stated that estimation of the ratio of factor VIII activity to Willebrand (or factor VIII-related) antigen is of valuable help in genetic counselling for haemophilia A (Zimmerman et al, 1971b; Bennett and Ratnoff, 1973) . This specific ratio has been found to increase the score of carrier detection to 92-95 %, both studies using the same source of antiserum, and the determination of factor VIII-related antigen being done first on cryoprecipitate (Zimmerman et al, 1971b) , then on plasma (Bennett and Ratnoff, 1973) . Similar data, but based on the study of only a small number of carriers, were reported by Bennett and Huehns (1970) using an inhibition neutralization technique. According to Bennett and Ratnoff (1973) , 50% of daughters of known heterozygotes (with an even chance of being normal) were tested as carriers, and this detection was also possible in pregnant women, although this fact is disputed by others (van Royen and Ten Cate, 1973) .
In this study of a large series of obligatory carriers (49) and normal women (31), we found that the mean Willebrand antigen was not significantly different in carriers from that of normals, unlike Zimmerman et al (1971b) who found it higher. The data in the two populations were analysed by four statistical methods and the normals and carriers were considered to be misclassified when the results of at least three statistical approaches (including the discriminant analysis using a computer) were in agreement. Using such criteria, 16 % of normals and 18 % of carriers were found to overlap with the other group.
Although the percentage of carriers detected is higher when taking into account the results of both biological and immunological factor VIII, it is low when compared to the others previously reported (Zimmerman et al, 1971b; Bennett and Ratnoff, 1973) . These discrepancies could theoretically be related to technical differences in the assay of both factor VIII activity and Willebrand antigen or to the use of antisera with slightly different specificity. Furthermore, our results were analysed by a different approach from that previously used since both parameters studied (factor VIII activity and Willebrand antigen) are variable. However, our present data are in agreement with those of Bouma et al (1975) , Forbes (1974), and Zimmerman (1974) who tested another and larger series of carriers. According to these authors, 20-30% of 'hidden' known carriers are not detected by the methods presently used.
The observation that the plasma of female carriers contains functionally active and antigenically detec- , immunoadsorption (Zimmerman and Edgington, 1973) or dissociation with either sodium chloride 1 M (Weiss et al, 1972; Meyer et al, 1974) or calcium chloride 025 M (Owen and Wagner, 1972) . Thus factor VIII activity and Willebrand antigen seem to be two biologically linked but distinct molecules. If this is so, more data concerning the synthesis and the metabolism of these entities are needed before elucidating with certainty the problem of the detection of carriers. This work was supported by a grant from INSERM. The technical help of B. Obert is gratefully acknowledged.
